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Introduction
Decision support systems (DSSs) are computer systems designed to address complex decision-making processes (Mallach 1994 , Newman et al. 2000 , Turban & Aronson 2004 , Inman et al. 2011 . Specifically, DSSs are a subset of computer-based Information Systems (IS), and may support the recording, processing and dissemination of information. Typically, the users are groups of individuals who act together in a field with a common purpose (Díez & McIntosh 2009 ). The forestry literature reports several approaches to characterize DSSs used to address forest management planning problems (Schuster et al. 1993 , Nabuurs & Paivinen 1996 , Mower 1997 , Borges et al. 2003 , Gordon et al. 2004 , Rauscher et al. 2005 , Reynolds et al. 2008 , Vainikainen et al. 2008 , Menzel et al. 2012 ). According to Borges et al. (2014) , a forestry management planning DSS consists of a computerized tool with a graphicbased user interface that includes a data management module and a solution module -for example, a module that provides guidance and support so as to define the timing and location of forest management options. In recent decades, the focus of forestry DSSs has expanded to consider the new resource base and a broad range of forest functions and benefits. The social dimension of forestry has become more prominent, representing a key element of Sustainable Forest Management (SFM). The importance of involving stakeholders in the decision-making process -in particu- Pastorella lar in the definition of forest management strategies -has been underlined by several authors (Hickey 2004 , Sheppard & Meitner 2005 , Martins & Borges 2007 , De Meo et al. 2011 , Marques et al. 2011 , Cantiani 2012 , Bruña-García & Marey-Pérez 2014 . As a consequence, participatory approaches to improve the planning processes using the views and experiences of stakeholders and experiential knowledge are often a highly valued component of forestry DSSs (Marques et al. 2013) . Nevertheless, the decision-making processes may engage with scientific complexity and political and social uncertainty, becoming gradually more complicated , Lawrence & Stewart 2011 , Nordström et al. 2011 .
In order to address these substantial changes in the decision-making context, a large number of models and tools have become available to support individual decision-making and to help address current and emergent forest management planning problems. DSSs in the forest sector typically include models and methodologies that simulate various forest variables to support the forecast of the outcomes of current decisions. Some DSSs also include the potentiality of inserting information about the preferences of decision-makers and participants (Menzel et al. 2012) . The possibility of developing DSSs incorporating techniques to help further decisionmakers build their preferences, e.g., by providing them with information about tradeoffs between criteria (Borges et al. 2014 ) is promising, as it may contribute to the effectiveness of participatory approaches. The Usefulness of a DSS thus depends on the range of tools that it incorporates.
Usefulness is defined as the total value a user perceives from using a new technology (Rogers 2003) and is a critical success factor for the effectiveness of a DSS application. As reported by Díez & McIntosh (2009) the evaluation of an IS and the assessment of its usefulness are difficult tasks for researchers and technicians, as the basis and outcomes are strictly related to the context in which it is used. Typically, these tasks encompass both technical and implementation assessments. The former corresponds to testing the technical aspects of the IS, while the second focuses on the overall Usefulness of the system (Sauter 2010), that is, whether the implementation of the system satisfies users' needs and expectations (Baroni et al. 2010) . Many theories and practical experiments have been established to evaluate IS through a post-implementation process using Usefulness as parameter. Examples include the Technology Acceptance Model (TAM -Davis 1989) and its variants (Lucas & Spitler 1999) , the Theory of Planned Behaviour (TPB -Gordon 2006) , the analysis of acceptability of a computer system (Nielsen 1993) , and the analysis of model quality (Rittgen 2010) .
The assessment of Usefulness concerns the effectiveness of a DSS and focuses both on its functionality and usability. In practice, the assessment of Usefulness generally includes meetings devoted to monitoring the participants' interaction with the DSS. Most assessments also consider the degree of Perceived Usefulness (PU - Arciniegas et al. 2013 ) and/or the Perceived Ease of Use (PEU). PU is an indicator of the impact a system has on work effectiveness and is defined as the degree to which a person believes that using a particular system may enhance his/her job performance (Davis 1989) . A DSS PU thus increases with the perception of a positive relationship between using the DSS and job performance. The PU is a key indicator of the TAM, widely used in the evaluation of an IS -e.g., King & He (2006) reported references to TAM in 140 papers. The PU indicator is further considered by the Theory of Planned Behaviour (TPB - Taylor & Todd 1995) and other DSS Usefulness assessment models (Kripanont 2007) . DSS assessment studies suggest that PU and PEU are the two main critical success factors for the adoption and use of information technology (Davis 1989) . Before deciding to use a system, the user must perceive the system as being easy to use (Perceived Ease of Use) and as being useful, i.e., contributing to making his/her work easier (Perceived Usefulness - Venkatesh et al. 2003) .
PU has been used to assess DSSs in many fields. Examples for specific subjects include computer science (Adams et al. 1992 ); acceptance of a website (Kamis et al. 2008 , Yahya et al. 2012 ; Executive Information Systems (Averweg 2008) ; Enterprise Resource Planning systems (Amoako-Gyampah 2007); 3G mobile services (Suki & Suki 2011) ; landscape and river basin management (Volk et al. 2010) ; agriculture and farming systems research (Newman et al. 2000) ; river rehabilitation (Hostmann 2005) ; and information systems and managers' performance (Franz & Robey 1986) . The case of forestry has been considered when assessing forest farmers' intention of engaging in online trading (Li et al. 2012) , forest education tools (Li et al. 2011) and DSSs for forest management (Garg et al. 2006) . The final users' PU and the way they see the Usefulness of forest DSSs are affected by several elements, such as the local socio-cultural and territorial context, the availability and culture of using DSSs, the final users' background, and their profession (Amoako-Gyampah 2007 , Inman et al. 2011 , De Meo et al. 2013 ). Italian and Finnish researchers' and practitioners' perception of DSS Usefulness in participatory forest planning has been analyzed by De Meo et al. (2013) . The present study has a dual purpose. Firstly, it will extend the research of De Meo et al. (2013) to a wider geographical area. Secondly, it will focus not only on analyzing final users' point of view on the Usefulness of DSSs in participatory forest planning, but also on the Perceived Usefulness. The emphasis is on investigating how forest users' characteristics and context (e.g., country, age and background) influence their views on the potentialities of DSSs to enhance both the various phases of the participatory planning process (the Usefulness) and job performance (the Perceived Usefulness).
Materials and methods

Sampling and survey
The study is based on quantitative questionnaire data collected from February through May 2013. Two questionnaires were submitted by e-mail to a sample of 150 DSS end users. The first focused on Usefulness issues (U questionnaire), while the second addressed Perceived Usefulness topics (PU questionnaire). The sample was selected using an iterative process based on the principles of snowball sampling (Harrison & Qureshi 2000 , Hislop et al. 2004 : during the first iteration, DSS end users involved in the COST Action FP0804 (FORSYS) were selected, while during the second iteration, further DSS end users were identified.
The sample of 150 DSS end users was composed of 31 National Coordinators involved in the FORSYS COST Action, 56 Portuguese stakeholders (from Research Institutes, Agencies, Companies) involved in forest management and 63 DSS users contacted in the second stage of sample selection. The sample included: (i) professors and researchers at universities or research institutes; (ii) representatives of national or regional forestry centers; (iii) professionals in private associations; and (iv) representatives of state enterprises. They were divided into two main categories: professionals and researchers.
It is not possible to know the origins of DSS users contacted by peers in the second iteration, but from the evidence in the results it is supposed that most of them are from Europe. The geographic distribution of the 87 DSS users involved in the first iteration was: 79 from other European countries, 2 from Africa, 2 from North America and South America, and 1 from Asia and Oceania. In terms of gender, 81% of the sample was represented by males and 19% by females.
Respondents were required to return answers to the questionnaires by e-mail within six weeks. Practices reviewed by Dennis (2003) were taken into account to avoid some problems related to auto-compiled questionnaire techniques, such as a large number of missing responses, delays in collection, and sample distortion due to auto-selection. In particular, follow-up reminder e-mails were sent after two weeks, and in some cases respondents were also contacted by phone about a week after the questionnaires had been sent.
The response rates to the U and PU questionnaires were 14% and 17%, respectively. Some authors (Yahya et al. 2012 , Becker et al. 2013 , McMichael & Shipworth 2013 clas-DSS usefulness in participatory forest planning sify these response rates as low. However, for questionnaires sent by e-mail, the absolute number of responses is reported to be more significant than the rate (Deutz et al. 2013) . Hochman & Carberry (2011) reported as significant findings from a survey with 23 responses. In the case of this research, a total of 46 responses were received: 25 and 21 responses to the PU and U questionnaires, respectively.
Questionnaires
The two questionnaires comprised seven (the U questionnaire) and six (the PU questionnaire) close-ended questions, chosen with the aim of keeping the structure simple. In some cases, the respondents had to choose from a list of predefined responses, while other questions were formulated to offer an n-options ranking scale for selection by respondents. The full content of both the U and PU questionnaires are reported in Appendix 1 and Appendix 2, respectively.
The U questionnaire comprises a general section focusing on the characteristics of the management planning problems faced by the respondents (Appendix 1). Specifically, respondents were asked to define the temporal and spatial scales of their forest management planning problems. A third question focuses on the users' experiences using DSSs.
In the questionnaire focusing on U, two additional questions from De Meo et al. (2013) were included. These questions investigate the potential usefulness of DSS in improving each stage of the participatory planning process. They divided this process into 6 steps and 13 phases (Appendix 1). Respondents were asked to indicate the usefulness of the DSS for each step and phase, indicating a value from "highly useful" to "not useful at all". The optional response "I do not know" was also provided. The last part of the questionnaire deals with the socio-professional situation of the respondents, namely, their year and place of birth, their professional position and their role in participatory planning.
The PU questionnaire also comprises a general section concerning the management planning problems faced by the DSS end users and their experience using DSSs (Appendix 2). In addition, the PU questionnaire includes two questions to gauge the degree of Usefulness as perceived currently by the respondent (question 5) and perceived earlier before the actual engagement of the respondent with DSS (question 6). Respondents were also provided with the option "Unable to form an opinion". Users were asked to respond to questions 5 and 6 by providing a score on a five-point Likert's scale, according to their agreement or disagreement with six statements adapted from Davis (1989) to measure user acceptance of computer tools. A low score indicates negative Perceived Usefulness, while a high score indicates positive perceptions.
Data Analysis
Voluntary responses received by e-mail were collected and stored in a spreadsheet. In order to analyze the agreement to the statements concerning the PU of DSSs (questions 5 and 6 reported in Appendix 1), respondents were divided into four groups (Tab. 1). This grouping took into account the users' experience with DSS and the statement reference period (current period or period before engaging with the DSS). Group A included all respondents and referred to the current PU (all respondents answering question 5). Group B comprised respondents experienced with DSS, reporting their PU before engaging with DSS (question 6). In addition, among respondents to question 5, we separated respondents who had already engaged with DSS (group C) from those who had not (group D) to get their current PU.
To avoid random errors, the reliability of each group's responses was analyzed by applying Cronbach's alpha coefficient (α). This statistic was introduced by Cronbach (1951) and is widely used in psychometric studies to test the internal consistency of multiple-item scales. Internal consistency describes the extent to which all the items in a test measure the same concept. The technique is based on the fact that the variance of the sum of a group of independent variables is the sum of their variances (Bland & Altman 1997) . Therefore, the variance of the sum will increase if the variables are positively correlated. Values of the coefficient range from 0 to 1, with higher values indicating greater reliability. When items in the scale are identical (thus perfectly correlated) then α = 1, while when items are independent, then α = 0. It is commonly accepted that a value of 0.8 provides a reasonable rate of reliability (Gliem & Gliem 2003 , Tavakol & Dennick 2011 . Differences among groups were analyzed with the aim of detecting whether experience with DSSs influenced PU. In particular, PU was analyzed by comparing data from the following pairs of groups: B-C (comparison of current PU and PU before engaging with DSSs from users with experience with DSS); C-D (comparison between current PU of users experienced with DSSs and users that have not yet engaged with DSSs); B-D (PU of users before engaging with DSSs). In order to ascertain whether experience with DSSs influences PU and to analyze pairwise differences among groups of respondents, a comparison by means, standard deviations and medians was carried out. In fact, since normal distribution in the various groups could not be guaranteed, a more in-depth statistical analysis was conducted using a non-parametric test. Data concerning PU, grouped by experience with DSSs and by statement reference period, were compared by means of the Wilcoxon's test at p < 0.05 for significance. The test was carried out using the "wilcox.test" function in R statistical software system.
Results and discussion
Profile of the respondents
The profile characteristics of the respondents are shown in Tab. 2. Respondents were mainly from European countries, and in particular from Italy, Spain, Germany and Portugal (28, 16, 12 and 12%, respectively). Such distribution by nationality reflected the fact that most of the contacted DSS users were from European countries; furthermore, the Authors' nationality is Italian and Portuguese and this may partly explain why the majority of responses are from Italy and Portugal.
Concerning their role in the participatory planning process, the respondents are mainly experts (32%), researchers (16%) or facilitators (16%). However, in some cases it was difficult to identify their main role because some respondents (36%) declared that they had mixed expertise (e.g., expertfacilitator, facilitator-researcher). Respondents between the ages of 31 and 50 years represented 76% of the whole sample. A total of 13 respondents reported experience with DSSs, while 12 reported no engagement with DSSs. There were approximately an equal number of the former in each of the three levels of experience (1-5, 6-10, >10 years).
Concerning the temporal scale of forest management, most respondents (44%) were involved in long-term planning (more than 10 years). Only 4% declared that they were involved in short-term planning. Concerning the spatial scale, 40% of the respondents declared that they were involved in forest-level planning, where the focus is the joint management of a set of stands in a forested landscape. Some respondents indicated experience with DSSs in more than one combination of temporal and spatial scales.
Usefulness
The U questionnaire was completed by 21 respondents, a response rate lower than that of the PU questionnaire. Respondents having experience with DSSs in participatory planning indicated the use of one to four DSSs. Seven interviewees declared that they had used only one DSS.
Respondents with little or no experience with DSSs in participatory planning were asked to specify the reason why they did not use DSSs (Tab. 3). Results seem to indiiForest 9: 422-429
Tab. 1 -Characteristics of respondents classified into homogeneous groups (see text for details).
Groups Experience with DSSs
Reference period A yes + no current B yes before using the DSS C yes current D no current cate that the options listed could not help to explain the motivation for not using DSSs. In fact, the option "Other: I do not know DDSs" was reported by seven respondents as the main reason. The answers to the questionnaires provided information used to assess the usefulness of DSS at each step and each phase of the participatory processes (Tab. 4). In general terms, the respondents consider DSSs somewhat useful at every step. The items analyzed appear reliable for analysis purposes: in fact, the overall Cronbach's alpha reliability coefficient achieved was 0.97 at a level of p = 0.05, indicating that the test used is free from random error and that the items have a high internal consistency. According to the respondents, the usefulness of DSSs is higher during the "monitoring" (average 3.50) and "design" (3.42) steps. Furthermore, the phases in which the use of DSSs is considered more useful are problem structuring (3.77) and creating new knowledge (3.71). By contrast, the step in which DSSs are not perceived as very useful is the intelligence step, and in particular the phases of "identification of stakeholders" (2.33) and "definition of criteria, goals and constraints" (2.71). The low 425 iForest 9: 422-429 
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value for identifying stakeholders implies that respondents do not see DSSs as useful in providing evidence to determine the key actors to be involved in the participatory process.
Our results showed that the use of DSSs during the Intelligence phase is critical, as confirmed by previous reports (Raggad 1996 , De Meo et al. 2013 ). According to respondents, Intelligence seems the step with the lesser usefulness for DSSs. This fact highlights the likely importance of providing users with good examples of how DSSs could be used to facilitate the Intelligence step of participatory planning. On the other hand, if the low scores for DSS usefulness are due to a lack of proper DSSs for the Intelligence step, the main recommended action is to create such software.
Some respondents indicated that they only used DSSs in some phases of the participatory processes. In particular, they indicated that "organizing the process" (28% of responses), "identification of stakeholders" (20%) and "achievement of the goals set by the stakeholders" (12%) are the phases where the use of DSS is more difficult. In order to avoid such difficulties, some improvements are needed in the development of DSSs. In this context, Van Meensel et al. (2012) showed how the approach used in developing DSSs may result in features that positively influence critical factors, such as selecting stakeholders, setting objectives and evaluating the DSS.
Answers provided by respondents might also explain their negative perception of DSS usefulness. In most cases, respondents stated that DSSs were not used either because the properties needed to support the participatory process are missing, or the respondents failed to see the benefit DSSs might provide. In fact, most answers list as prominent the reasons "DSS available does not include properties needed" and "I cannot see the benefit DSSs would provide for the planning task". Both reasons are related to the organization step and its "identification of stakeholders" phase.
Perceived usefulness
The PU questionnaire was completed by 25 respondents. Each group of respondents obtained a significant Cronbach's alpha reliability at 0.05 level (Tab. 5), showing that the test used is free from random error and it is reliable for analysis purposes. These results agree with those reported by Davis (1989) , Adams et al. (1992) , and Suki & Suki (2011) .
Concerning the average of the six statements, very few differences among the groups were detected, indicating that experience does not seem to influence PU (Tab. 6). Nevertheless, the highest average value is associated with the PU before engaging with DSSs given by respondents reporting experience with DSS (group B).
The statements associated with highest average PU value were "using DSSs improves/would improve my job performance" (statement number 2 in Tab. 6) and "I find/would find DSSs useful in my job" (statement number 6 in Tab. 6), given by respondents reporting experience with DSSs (groups A, B and C). As expected, the lowest average PU value was associated with statement 2 given by respondents with no experience using DSSs (group D). The paired group comparison of PU by mean values shows small differences in terms of overall average values, reaching values around ± 0.1 (Tab. 7). Negative values indicate that the second group has a higher value. Nevertheless, the differences increase to higher values when the analysis focuses on individual statements. The highest differences occur in response to the statements "Using DSSs improves/would improve my job performance" (statement 2 in Tab. 7), "I find/would find DSSs useful in my job" (statement 6 in Tab. 7) and "Using DSSs in my job increases/would increase my productivity" (statement 6 in Tab. 7). The comparison between the current PU reported by the whole sample (Group A) and the PU before engagement with DSSs reported by respondents with experience using DSSs (Group B) highlighted that respondents perceived DSSs as being more useful before engaging with them. Moreover, respondents reported a decrease in PU in response to statements related to the impact of DSSs on performance, productivity, and job efficacy. Regarding current PU, the comparison between respondents with experience using DSSs (group C) and respondents who have not engaged with DSSs (group D) showed a high PU difference in response to "Using DSSs improves/would improve my job performance" (statement 2 in Tab. 7). By contrast, the value in response to "using DSSs in my job increases/would increase my productivity" (statement 3 in Tab. 7) was relatively high among respondents with no experience using DSSs. Concerning the other statements, values tended to be higher among respondents engaged with DSSs or showed differences very close to zero.
The Mann-Whitney-Wilcoxon test showed that the data were not statistically different when comparing pairwise groups in B-C (p-value = 0.5967), C-D (p-value = 0.6338), or B-D (p-value = 0.2536). Results indicate that no significant differences in perception were due to experience with DSSs.
Conclusions
The response rate achieved in this study confirms the evidence reported by Dennis (2003) , who suggested that when e-mailing questionnaires, attention must be paid to motivating additional potential respondents by clearly explaining the objectives of the research. Nonetheless, both questionnaires achieved a high Cronbach's alpha reliability value, showing that they are free from random error and that the methodology is robust.
In general, respondents consider DSSs useful. Nevertheless, PU was higher before iForest 9: 422-429 426
Tab. 5 -Cronbach's alpha reliability values for each respondent group. actually engaging with DSSs. This suggests that either respondents' expectations were unrealistic or the DSS development project failed to meet the users' needs.
Results highlighted further differences in PU in terms of improving job performance. In this case, the PU reported by groups A, B and C is higher than the PU reported by group D, suggesting that DSS use may actually improve job performance more than was expected. This outcome confirms the results by Kamis et al. (2008) who reported that, in general, DSS use may increase perceived usefulness directly or through perceived ease of use. The main reasons indicated to explain why DSSs were not used in some phases during a participatory planning process were "available DSS does not include properties needed" and "DSSs are not believed to provide benefits for the planning task". Cox (1996) and Newman et al. (2000) examined and reviewed the main problems in adopting DSSs in agriculture. According to our results, they suggested that DSS process models may be inadequate in terms of distinguishing practitioners' matters. The latter hypothesized that the benefits of many DSSs are unclear in the development stage. Therefore, the system does not meet the need of any group of users. Nevertheless, as a general rule, DSSs appeared useful at each step of the participatory process, although differences did emerge among steps. Problem structuring, monitoring the achievement of goals set by the stakeholders and creating new information and knowledge were the steps at which the use of DSS seems to be more helpful. By contrast, DSSs were considered less useful in identifying stakeholders, defining criteria, goals and constraints, and eliciting decision-maker's preferences. According to Sheppard & Meitner (2005) , enhancing the technical descriptions of models and methodologies incorporated in a DSS might help increase the PU of a DSS.
The main limit of this research is the small number of respondents. This limitation is firstly due to the fact that very few DSS final users are actively involved in participatory planning at present. However, the qualitative analysis reported here may contribute to the advancement of knowledge on the usefulness of DSSs as perceived by forest stakeholders.
Our results suggest that DSS developers should pay close attention to users' perception in order to increase both the usefulness and PU of DSSs. In particular, the development of software that can overcome constraints in the intelligence phases is needed.
Given the rapid development in participatory forest planning, further investigation is required to improve methodologies aimed at effectively collecting up-to-date information about DSS final users' opinions and perspectives. This is influential for the definition of approaches to enhance DSS architectures/structures and development processes, thus fostering the successful use of DSSs in forest management planning participatory processes.
